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Abstract The Delias aroae species complex s. str. (Lepidoptera, Pieridae) has been taxonomically reviewed. The 
morphology of male adults within the species complex based on five characteristics: vein CuA1 length, black width index, 
wing marking underside, scent scale length of the forewing and genitalia are examined and described. The extent of the 
black apical band on the upperside of the forewing was observed as an east-west cline in D. aroae and D. pheres, which 
are widely distributed species on the island of New Guinea. On the basis of the results, D. aroae yabensis and D. pheres 
approximata have been revived. , and D. balimensis (originally D. aroae balimensis) is newly synonymized with D. a. 


aroae. 
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Introduction 


The aroae species complex s. str. is a group of species 
with similar wing shape and patterns, which belongs to 
the genus Delias of the family Pieridae. 


Talbot (1928) studied the morphology of the species 
complex, which he classified into D. aroae (Ribbe), 1900 
and D. pheres Jordan, 1911 mainly based on three 
characteristics: male genitalia, female genitalia and scent 
scale. In his monograph, Talbot divided D. aroae in Papua 
New Guinea into two geographical races: D. aroae yabensis 
Joicey & Talbot, 1922 from the Weyland Mountains and 
D. aroae angiensis Talbot, 1928 from the Arfak Mountains. 
Moreover, D. pheres comprises one geographical race, D. 
pheres approximata Joicey & Talbot, 1922 in the Weyland 
Mountains. 


Orr and Sibatani (1985) stated that the species complex 
consists of seven taxa: D. aroae; D. a. balimensis Roepke, 
1955 (current status: D. balimensis); D. a. yabensis (current 
status: D. yabensis); D. a. angiensis (current status: D. 
angiensis); D. pheres; D. p. approximata (current status: 
D. approximata) and D. subapicalis Orr & Sibatani, 1985, 
and can be distinguished from three subdivisions of the 
D. aroae group (hyperapproximata species complex, 
flavissima Orr & Sibatani, 1985, kenricki Talbot, 1937) 
based on the differences in wing shape and pattern. 


Delias inopinata Lachlan, 2000 was described from Papua 
New Guinea. In the original description, He noted “D. 
inopinata should be placed in the aroae species complex 
as defined by Orr and Sibatani (1985)", and D. inopinata 
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orri Mastrigt, 2003 was described as a subspecies from 
West Papua. Moreover, D. subapicalis sibatanii Mastrigt, 
2003 was described from West Papua, and is subspecies 
of D. subapicalis in the species complex. 


Consequently, ten named taxa are currently recognized in 
the species complex: D. aroae; D. balimensis; D. yabensis; 
D. angiensis; D. pheres; D. approximata; D. subapicalis; 
D. s. sibatanii; D. inopinata and D. i. orri. 


The members of the species complex are very similar to 
each other in general appearance. In particular, they are 
difficult to classify based on the markings on the underside 
of the hindwings. In addition, wide intraspecific variations 
are observed in the black apical area on the upperside of 
the forewings. The extent of the black apical area is the 
main distinguishing characteristic used to classify the 
subspecies of D. aroae and D. pheres. However, these 
variations have not yet been clearly identified. This is one 
of the reasons for the taxonomic confusion surrounding 
this species complex. 


In their revision, Orr and Sibatani (1985) noted "Rather 
we feel that a trinomial system would impose an artificial 
structure on our classification which would misrepresent 
our knowledge of the situation." Thus, they suggested that 
“as we use it, a binomial classification is essentially a 
system of cataloguing and is non-committal regarding the 
status of certain forms.” 


In this review, I re-examined the morphology of male 
adults in detail and attempted to group the species within 
the species complex based on recent material. 
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Delias aroae species complex s. str. of New Guinea 3 
S mmimgmrumgmnmrmmu Materials and Methods 
E£gSSSSERERZ 
e uy ces ess natab In this review, ^New Guinea” refers to the whole island, 
O|st-sE| t+ + * + = bs : 
s kas ana e V dex sa comprising the western half —West Papua (formerly Irian 
s ° “Bb Jaya) and the eastern half—the mainland of Papua New 
c s 
gle 2 E s 8 S Guinea. 
Sle Bis bab 23 ! 
in Om 8 = x O < The present study is based on 334 fixed specimens from 
teh eas = 31 study sites in New Guinea (Fig. 1 and Table 1), and 
21.21 the following species/subspecies were compared: D. aroae; 
an = s ` . . . . 
g 2 3 s. $ D. yabensis; D. balimensis; D. angiensis; D. pheres; D. 
SE 353g I wp 22 
by Ë & £ Z 3 approximata, D. subapicalis, D. s. sibatanii, and D. 
cow š ; . D . 
M UE ed inopinata except one taxon (D. inopinata orri). The 
specimens are illustrated in Figs 2-17. 
Sip pm p p m gm mm ! : 
Si& i500: The ratio of the black width on the vein and CuA, length 
aS NTO |S s š 2 . 
en % % % % % % ° ° of the upperside of forewings was calculated to obtain the 
° ; : š a ; 
aa Z a a Ses se “black width index (Fig. 18)”. The width of the black 
> apical area between the apex and vicinity of the discocellular 
s ° = . : ; 
Ë S s 8 < Š £ veins on the upperside of the forewings was not adopted 
pe > Ë 2 9 E S SN : MN a 
& 8 % 8 9 s oe Es here because of the wide intraspecific variation. In addition, 
Zo 2 2=< 5 > S S : 
x & > — < x < the length of the scent scale on the upperside of the forewing 
hod pauca qr Spe in the male was measured (10 scales per specimen); the 
24 measurement was performed from the base of the scale 
E == to its tip. Male genitalia was dissected after being macerated 
"E as . me " 
E Ë a for approximately 30 min in 10% KOH heated in a water 
à z bath. The KOH-treated material was washed in alcohol, 
" observed under both binocular and optical microscopes, 
oe ee eS ee and measured using a micrometer. 
I IE Sie ae Oy UE 
ES S CO 6 eS en uen ien For statistical analysis was performed using Excel 2007 
" (Microsoft, USA) with the add-in software Statcel 3 (Yanai, 
š Š 2011). The homogeneity of the groups was confirmed by 
P = B UR analyzing Bartlett's test. The CuA and scent scale length 
SE s 5 8 g S = Š of the forewings were analyzed by one-way ANOVA, and 
-|a £ DES S S37 . 
WHERE K=p Ra then differences among the means of the length were 
= & & Š — S c = analyzed using the Tukey-Kramer multiple comparison 
= am test. The black width index of the forewings was analyzed 
-— ed » . 
z |= == using the Steel-Dwass test. Differences between groups 
K; E S £ were considered significant at p < 0.01. 
S |x oz 
E ae 
g Sam mamam Description of characteristics 
je s s s ss ' ; ; 
8 | zo ts S S ` ° Delias aroae (Ribbe) (Figs 2, 10, 19, 27, 32-37, 56-67, 
CX eI a S = = 92-101) 
Š | Sz Pieris aroae Ribbe, 1900: 346. 
a il s = F š Delias aroae (Ribbe): Rothschild, 1904: 314, pl. 2, fig. 4; 
2 | 2/8) s EST Fruhstorfer, 1911: 129; Talbot, 1928-1937: 190, 192, 193, pl. 
«(ls & EB $8 E S 2, fig. 38 (uncus); Talbot, 1932: 84; Orr & Sibatani, 1985: 7, 
E z — = m ° x fig. 1, 17-21; Parsons, 1999: 306, 307, pl. 10 (dorsum & 
= eo 
2 » valva), pl. 34, figs 837-840; Yagishita, 1993: 103, pl. 48, figs 
$ a =s 1, 2, text 113; Tuzov, 1995: 114; Mastrigt, 2003: 64, 65. 
ge S > m ey Delias aroa aroa [sic] Ribbe: Roepke, 1955: 204; D'Abrera, 1990: 
* 28 = 133. 
s ££ 
m 
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Figs 2-9. Delias spp., male, upperside. 2: D. a. aroae (Bimin). 3: D. a. yabensis (Mapia). 4: D. angiensis (Arfak Mountains). 5, 6: D. 
p. pheres (Yohosin). 7: D. s. subapicalis (Kerowagi). 8: D. s. sibatanii (Pass Valley). 9: D. i. inopinata (Bolobip). 





Figs 10-17. Delias spp.. male, underside. 10: D. a. aroae (Bimin). 11: D. a. yabensis (Mapia). 12: D. angiensis (Arfak Mountains). 
13, 14: D. p. pheres (Yohosin). 15: D. s. subapicalis (Kerowagi). 16: D. s. sibatanii (Pass Valley). 17: D. i. inopinata (Bolobip). 
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Fig. 18. Black width index (length of black width of vein CuA;/ 
vein CuA, length). Enlargement of upperside of right 
forewing of D. a. aroae (black line, vein CuA, length: 
red line, length of black part of vein CuA i). 


Delias aroa [sic] balimensis Roepke: 1955: 204, 205; D'Abrera, 
1990: 134. syn. nov. 

Delias balimensis Roepke: Orr & Sibatani, 1985: 11, 13, fig. 16; 
Yagishita, 1993: 105, pl. 49, figs 1, 2, text 115; Tuzov, 1995: 
114; Nishiyama & Arima, 1996: 6, pl. 1, figs 2, 3: Mastrigt, 
2003: 65. 


Forewing (male). Vein CuA, length: [West Papua] 8.8-11.0 
mm, 9.92 + 0.49 mm (mean + SD, n = 62); [Papua New 
Guinea] 8.7-10.9 mm, 9.91 + 0.39 mm (mean + SD. n = 





Cn 


38). Black width index: [West Papua] 0.36-0.50, 0.43 + 
0.03 (mean + SD, n = 62); [Papua New Guinea] 0.42-0.56, 
0.48 + 0.03 (mean + SD, n = 38). Wing marking underside 
(Fig. 19): extent of black marginal band less than 1/2 of 
discal cell area. Scent scale length: 283-360 um, 329 + 
0.03 um (mean + SD, n = 80). 


Male genitalia (Fig. 27): Phallus (Figs 32-37): cephalic 
portion of the basal prong in lateral view is considerably 
reduced compared with caudal portion of basal prong: 
Juxta (Figs 56-67): arrowhead shaped, 0.36-0.50, 0.44 + 
0.04 (mean + SD, n = 12) times as long as its median 
width; Uncus (Figs 92-101): outer lobes in dorsal view 
relatively shorter than the middle lobe. 


Material examined (n = 100 4): [West Papua] 34 , 22-24. 
vi. 1995. Kangime, Nallgi River; 4%, 20-21. vi. 1995. 
ditto, Usak River; 6%, 18-20. xi. 1993. Pass Valley, Bion 
River: 44, 18-24. xii. 1995. ditto, Ameagi River; 164, 
6. xii. 1994. Kobakma (ca. 800 m), Jasmin leg.: 34. 27, 
28. iv. 1991. Welesi (ca. 2,000 m), S. Morinaka leg.: 74, 
12. ix. 1995. ditto, K. Funahashi leg.; 24, 16. iii. 1998. 
Mbua, Ponpan River, W. Ones leg.: 1 4, 6-13. v. 1995. 
Habbema; 3 4 , 4. ix. 1999. Pugima, Huan River (ca. 2.420 
m), K. Funahashi leg.; 1 4, 2. ix. 1993. Pass Valley- 
Kobakma, K. Funahashi leg.; 2%, 8. ix. 1996. Borme, 
Borme River (ca. 1,240 m), K. Funahashi leg.; 144 , vii. 


Figs 19-26. Enlargement of underside of left 
forewing showing extent of black 
marginal band along costal vein in 
the discal cell (19; in Figs 10, 20; in 


13, 23; in Figs 14, 24: in Figs 15, 25: 
in Figs 16, 26; in Fig. 17). 
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Fig. 27. Male genitalia of Delias a. aroae from Okapa, Papua New Guinea. a: dorsum (dorsal). b: ring (lateral). 
c: valva (inner aspect, right side). d: juxta (posterior); e, phallus (lateral). Scale bar 1 mm. 





Fig. 28. Male genitalia of Delias angiensis from Arfak Mountains, W. Papua. For explanation of a-e, see legend 
of Fig. 27. Scale bar 1 mm. 
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1995. ditto, Ailme River. [Papua New Guinea]: 20%, 11. 
viii. 2000. Bimin (West Sepik Prov.), Woba River (ca. 
1,900 m), K. Funahashi leg.; 3 7, ix. 30. 2001. Bak (West 
Sepik Prov.), Wadin River, M. Patrick leg.; 56, 16. Vii. 
1995. Okapa (Eastern Highland Prov.); 6%, 2. ii. 2000. 
ditto; 1%, i. 1995. Sambio, Mueng (Morobe Prov.). 


Delias aroae yabensis Joicey & Talbot, stat. rev. (Figs 
3, 11, 20, 38-40, 68-79, 102-106) 


Delias aroae yabensis Joicey & Talbot, 1922: 308, 309, pl. 8 
(1924), figs 8-10; Talbot, 1928-1937: 191, 192, pl. 6, fig. 20 
(signum), pl. 22, fig. 39 (scent scale); 1932: 84. 

Delias aroa [sic] yabensis Joicey & Talbot: Roepke, 1955: 204; D' 
Abrera, 1990: 134; Schmitt, 1992: pl. 10, figs 5, 10. 

Delias yabensis Joicey & Talbot: Orr & Sibatani, 1985: 13, 14, fig. 
2, 29-31; Yagishita, 1993: 105, pl. 49, figs 3-8, text 116; 
Tuzov, 1995: 114; Mastrigt, 2003: 68, 69, pl. 4, figs 1-4. 


Forewing (male). Vein CuA, length: 9.4-10.9 mm, 10.15 
+ 0.38 mm (mean + SD, n = 26). Black width index: 
0.31-0.45, 0.37 + 0.03 (mean + SD, n = 26). Wing marking 
underside (Fig. 20): extent of black marginal band less 
than 1/2 of the discal cell area. Scent scale length: 288-340 
um, 310 x 14.05 um (mean + SD, n = 20). 


Male genitalia: Phallus (Figs 38-40): cephalic portion of 
basal prong in lateral view relatively reduced compared 
with caudal portion of basal prong; Juxta (Figs 68-79): 
arrowhead shaped, 0.39-0.55, 0.50 + 0.05 (mean + SD, n 
= 12) times as long as its greatest width; Uncus (Figs 
102-106): outer lobes well developed, equal in length to 
the middle lobe. 


Material examined (n= 264): 24 , 23. xii. 1990. Kamu, 
Ekemanida Tuka River; 7 Z, ii. 1990. Epomani; 54 , vii. 
1992. Mapia; 2“, v. 1992. Idedua (ca. 1,700 m); 14 , viii. 
25. 1991. Mapia, Uglda River; 44 , ix. 19. 1990. Mapia, 
Gopouya River; 1 4, vii. 1996. Moanamani; 4%, viii. 31. 
1991. Bomomani, Epokunu River. 


Delias angiensis Talbot (Figs 4, 12, 21, 28, 41-43, 80-83, 
107-111) 


Delias aroae angiensis Talbot, 1928: 43; Talbot, 1928-1937: 192, 
pl. 10, fig. 43 (valva); 1932: 84. 

Delias aroa [sic] angiensis Talbot: Roepke, 1955: 205; D'Abrera, 
1990: 134. 

Delias angiensis Talbot: Orr & Sibatani, 1985: 14, fig. 27, 28; 
Yagishita, 1993: 107, pl. 50, figs 1-6, text 117; Tuzov, 1995: 
114; Mastrigt, 2003: 63. 


Forewing (male). Vein CuA, length: 8.9-11.0 mm, 9.72 
+ 0.55 mm (mean + SD, n = 30). Black width index: 
0.39-0.53, 0.45 + 0.03 (mean + SD, n = 30). Wing marking 
underside (Fig. 21): extent of black marginal band less 


than 1/2 of the discal cell area. Scent scale length: 290-383 
um, 319+ 16.83 um (mean + SD, n = 30). 


Male genitalia (Fig. 28): Phallus (Figs 41-43): cephalic 
portion of basal prong in lateral view relatively reduced 
compared with caudal portion of basal prong (the latter 
not rounded; cf. D. a. aroae and a. yabensis); Juxta (Figs 
80-83): arrowhead shaped, 0.31-0.38, 0.34 x 0.03 (mean 
+ SD, n = 4) times as long as its median width; Uncus 
(Figs 107-111): outer lobes in dorsal view relatively shorter 
than the middle lobe. 


Material examined (n = 304): 124, viii, 1996. Hingk, 
Arfak Mountains.; 18 4, vii, 1996. Arfak Mountains. 


Delias pheres Jordan (Figs 5, 6, 13, 14, 22, 23, 29, 44—49, 
84—86, 112-119) 


Delias aroae pheres Jordan, 1911: 588. 

Delias pheres Jordan: Talbot, 1928-1937: 188, pl. 2, fig. 36 
(uncus), pl. 10, fig. 42 (valva), pl. 17, fig. 1; 1932: 83; Roepke, 
1955: 203; Orr & Sibatani, 1985: 14, 15, figs 6, 13; D'Abrera, 
1990: 133; Yagishita, 1993: 109, pl. 51, figs 1, 2, text 119; 
Tuzov, 1995: 114; Lachlan, 2000: fig. 10; Mastrigt, 2003: 67, 
pl. 3, figs 7, 8. 


Forewing (male). Vein CuA length: [West Papua] 9.2-11.8 
mm, 10.52 + 0.55 mm (mean + SD, n = 91); [Papua New 
Guinea] 9.5-11.2 mm, 10.34 + 0.59 mm (mean + SD, n 
= 7). Black width index: [West Papua] 0.51-0.75, 0.62 + 
0.05 (mean + SD, n= 91); [Papua New Guinea] 0.66-0.75, 
0.71 + 0.03 (mean + SD, n = 7). Wing marking underside 
(Figs 22, 23): extent of black marginal band approximately 
1/2 of the discal cell area. Scent scale length: 325-388 
um, 356 + 17.16 um (mean + SD, n = 40). 


Male genitalia (Fig. 29): Phallus (Figs 44-49): cephalic 
portion of basal prong well developed, equal in size to 
caudal portion of basal prong; Juxta (Figs 84-86): arrowhead 
shaped, gradually widening anteriorly; Uncus (Figs 112- 
119): outer lobes relatively smaller than the middle lobe, 
basal part of the middle lobe somewhat wide. 


Material examined (99 4): [West Papua]: 5%, x. 2002. 
Tembagapura; 2%, 29. xii. 1990. Ilaga, Jila River; 34,3. 
ii. 1994. Ilaga, Wuluen River; 1%, 6. ii. 1991. Tiom, Air 
Garam IL; 14, 6. ii. 1995. Tiom-Karbaga, K. Funahashi 
leg.; 24, 7.11. 1995. Tiom, Tabokakar River, K. Funahashi 
leg.; 24, 8-15. xi. 1991. Makki, Makki River; 24 , 23-28. 
xi. 1992. Kanggime, Yawon River; 1 4, 7. iii. 1998. Mbua, 
Bua River (ca. 2,300 m), W. Ones leg.; 34^, 1-7. V. 1993. 
Habbema, Habbema River; 2 4, 12. ix. 1995. Welesi, K. 
Funahashi leg.; 1 Z, ix. 19-20. 1992. Pass Valley, Bi River; 
94, 1. ix. 1993. ditto, Seg River, K. Funahashi leg.; 10%, 
5. ix. 1999. Pugima, Huan River (ca. 2,420 m), K. Funahashi 
leg.; 10%, 29. vii. 1998. Yohosin, Mugi River, K. Funahashi 
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Fig. 29. Male genitalia of Delias p. pheres from Aipomek, West Papua. For explanation of a-e, see legend of 
Fig 27. Scale bar | mm. 





Fig. 30. Male genitalia of Delias s. subapicalis from Kerowagi, Papua New Guinea. For explanation of a-e, see 
explanation to Fig 27. Scale bar 1 mm. 
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Fig. 31. Male genitalia of Delias i. inopinata from Bolobip, Papua New Guinea. For explanation of a-e, see 


explanation to Fig 27. Scale bar 1 mm. 


leg.; 24, 16-26. iii. 1993. Langda, Minyo River; 5 Z, viii. 
28, 1997. Aipomek, Mumye River (ca. 2,280 m), K. 
Funahashi leg.; 104, 31. viii. 1997. Aipomek-Debum, 
Dipsil River (ca. 2,150 m), K. Funahashi leg.; 11 4, 2. ix. 
1997. Amko-Nalca, Amko River (ca. 2,600 m), K. 
Funahashi leg.; 5%, 28-29. viii. 1991. Abmisibil, Okkim 
River; 64, 26. ii. 1997. Okibibab, Mong River. [Papua 
New Guinea]: 24 , 9. viii, 2000. Bimin (West Sepik Prov.), 
Atem River (ca. 2,100 m), K. Funahashi leg.; 1 Z, 12. viii, 
2000. ditto; 3%, 11. viii. 2000. Bimin, Woba River (ca. 
1,960 m), K. Funahashi leg. 


Delias pheres approximata Joicey & Talbot, stat. rev. 

(Figs 87, 120, 121) 

Delias phaeres [sic] approximata Joicey & Talbot, 1922: 309, pl. 8 
(1924), figs 5-7; 1928-1937: 188,189, pl. 2, fig. 37, pl. 6, fig. 
21 (scent scale); 1932: 83, 84; D'Abrera, 1990:133. 

Delias approximata Joicey & Talbot: Orr & Sibatani, 1985: 15, 16, 
figs 3, 14, 15; Yagishita, 1993: 103, pl. 48, figs 3-8, text 114; 
Tuzov, 1995: 114; Mastrigt, 2003: 63, 64, pl. 4, figs 5, 6. 


Forewing (male). Vein CuA, length: 9.3-11.5 mm, 10.59 
+ 0.55 mm (mean + SD, n = 17). Black width index: 
0.50-0.71, 0.57 + 0.06 (mean + SD, n= 17). Wing marking 
underside: extent of black marginal band approximately 
1/2 of the discal cell area. Scent scale length: 325-373 
um, 346 + 11.68 um (mean + SD, n = 40). 


Male genitalia: same as those of D. p. pheres. 


Material examined (17%): 2%, vi. 1989. Kamu Valley 
(1,700 m); 34, vii. 1996. Moanamani; 12%, vi. 1996. 
Epomani. 


Delias subapicalis Orr & Sibatani (Figs 7, 15, 24, 30, 

50—52, 88, 89, 122, 123) 

Delias subapicalis Orr & Sibatani, 1985: 16, 17, fig. 10; Yagishita, 
1993: 107, pl. 50, figs 7, 8, text 118; Tuzov, 1995: 114; 
Parsons, 1999: 307, pl. 10 (dorsum & valva), pl. 34, figs 841- 
844; Mastrigt, 2003: 68. 


Forewing (male). Vein CuA, length: 9.9-12.0 mm, 10.43 
+ 0.45 mm (mean + SD, n = 25). Black width index: 
0.31-0.50, 0.41 + 0.03 (mean + SD, n = 25). Underside 
wing markings (Fig. 24): extent of black marginal band 
approximately 2/3 of the discal cell area, its band slightly 
separate from the discocellular vein with scattered black 
scales. Scent scale length: 352-375 um, 365 + 5.97 um 
(mean + SD, n = 40). 


Male genitalia: Phallus (Figs 50-52): cephalic portion of 
basal prong well developed; Juxta (Figs 88, 89): arrowhead 
shaped, gradually widening anteriorly; Uncus (Figs 122, 
123): outer lobes relatively shorter than the middle lobe; 
basal part of the middle lobe extending forward. 
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Figs 32-55. Basal prongs of phallus (lateral) of Delias spp. 32-37: D. a. aroae (32: Okapa. 33, 34: Bimin. 35: Borme. 
36: Welesi. 37: Habbema). 38-40: D. a. yabensis (38, 39: Mapia. 40: Bomomani). 41-43: D. angiensis (Arfak 
Mountains). 44-49: D. p. pheres (44-46: Aipomek. 47: Tiom. 48: Tembagapura. 49: Bimin). 50-52: D. s. 
subapicalis (Kerowagi). 53-55: D. s. sibatanii (53: Aipomek. 54, 55: Pass Valley). Scale bar 1 mm. 


Material examined (n = 25%): 128, iv. 1995. Kerowagi 
(Simbu Prov.), 14, 8. x. 1995. ditto, 9%, 21. x. 1996. 
ditto, 34, 14. ii. 2003. Gembok (Simbu Prov.) . 


Delias subapicalis sibatanii Mastrigt (Figs 8, 16, 25, 
53-55, 90, 91, 124-126) 


Delias subapicalis sibatanii Mastrigt, 2003: 57-60, pl. 2, figs 1-8. 


Forewing (male). Vein CuA, length: 9.2-11.6 mm, 10.36 
+ 0.55 mm (mean + SD, n = 34). Black width index: 
0.33-0.45, 0.41 + 0.03 (mean + SD, n = 34). Underside 


wing markings (Fig. 25): extent of black marginal band 
approximately 2/3 of the discal cell area, its band slightly 
separate from the discocellular vein with scattered black 
scales. Scent scale length: 350-413 um, 378 + 15.33 um 
(mean + SD, n = 30). 


Male genitalia: Phallus (Figs 53-55): cephalic portion of 
basal prong well developed; Juxta (Figs 90, 91): arrowhead 
shaped, gradually widening anteriorly; Uncus (Figs 124- 
126): outer lobes relatively shorter than the middle lobe; 
basal of the middle lobe extending forward. 
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Figs 56-91. Juxta of Delias spp. (posterior). 56-67: D. a. aroae (56, 57: Okapa. 58: Bimin. 59-61: Borme. 62, 63: 
Kobakma. 64, 65: Welesi. 66, 67: Pass Valley-Kobakma); 68-79: D. a. yabensis (68-73: Mapia. 74: Moanemani. 
75: Idedua. 76, 77: Epomani. 78, 79: Bomomani). 80-83: D. angiensis (Arfak Mountains). 84-86: D. p. 
pheres (84: Bimin; 85: Aipomek. 86: Pass Valley). 87: D. p. approximata (Moanamani). 88, 89: D. subapicalis 
(Kerowagi). 90, 91: D. s. sibatanii (90: Aipomek; 91: Pass Valley). Scale bar 0.5 mm. 


Material examined (n = 34 4): 114 , 29. iv, 1994. Pass 
Valley, Seg River (ca. 1,900 m), K. Funahashi leg.; 11 4^, 
2. ix. 1997. 84, 11. ix, 1995. ditto, K. Funahashi leg.; 
Amko-Nalca, Amko River (ca. 2,600 m), K. Funahashi 
leg.; 44^, 25-27. viii. 1991. Abmisibil, Oktanglap River. 


Delias inopinata Lachlan (Figs 9, 17, 31) 


Delias inopinata Lachlan, 2000: 74, figs 7, 8, 13, 14 (dorsum & 
valva); Mastrigt, 2003: 66. 


Forewing (male). Vein CuA; length: 10.8-11.2 mm, 11.0 
+ 0.2 mm (mean + SD, n = 2). Black width index: 0.54- 
0.55, 0.54 + 0.003 (mean + SD, n = 2). Underside wing 
markings (Fig. 26): black marginal band extends to the 
entire discal cell area. Scent scale length: 400-418 um, 
408 + 6.58 um (mean + SD, n = 20). 


Male genitalia (Fig. 31): Phallus: cephalic portion of basal 
prong well developed; Juxta: arrowhead shaped, gradually 
widening anteriorly; Uncus: outer lobes of uncus relatively 
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Figs 92-126. Uncus of Delias spp. (dorsal). 92-101: D. a. aroae (92: Okapa. 93: Bimin. 94: Borme. 95: Pugima; 
96: Kobakma. 97: Welesi. 98: Habbema. 99, 100: Pass Valley-Kobakma. 101: Kanggime). 102-106: D. a. 
yabensis (102: Moanemani. 103: Mapia. 104: Epomani. 105: Bomomani. 106: Idedua). 107-111: D. angiensis 
(Arfak Mountains). 112-119: D. pheres (112: Bimin. 113, 114: Aipomek. 115, 116: Pass Valley. 117: Welesi. 
118: Tiom. 119: Tembagapura). 120, 121: D. p. approximata (Moanamani). 122, 123: D. s. subapicalis 


(Kerowagi). 124-126: D. s. sibatanii (124, 125: Aipomek. 126: Pass Valley). 


shorter than the middle lobe; basal part of the middle lobe 


somewhat wide. 


Material examined (3 4): 18. ix. 2001. Bolobip (Western 
Prov.), Mt Faium, Bol River (ca. 1,800 m), K. Funahashi 


leg. 


Results 


Vein CuA; length 


The results of the analysis are shown in Table 2. The means 


of the CuA, length significantly differed between aroae/ 
pheres, aroae/subapicalis, angiensis/pheres, and angiensis/ 
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Table 4. The black width index of D. aroae individuals in each of the three regions. 























: Regions 
B s u ss Weyland Mts (W. Papua) Central Mts (W. Papua) Papua New Guinea 
index samples 
n % n % n Jo 
<0.35 6 6 (100) 0 0 
0.4 29 16 (55) 13 (45) 0 
0.45 47 4 (9) 33 (70) 10 (21) 
0.5 36 0 16 (44) 20 (56) 
0.55 fi 0 0 7 (100) 
0.55< 1 0 0 1 (100) 
y=0.011x-1.143 
0.55 
x ‘ 
YO * 
= i 
045 : 
s . 
z 
-x 
Q 
= 
m 0.35 
0.25 


135 136 137 138 139 
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Fig. 127. Scatter plots relating black width index to longitude in D. aroae. A single regression line of black 


width index on longitude is shown. 


subapicalis, but not between aroae/angiensis and pheres/ 
subapicalis (subspecies combined). 


In addition, regional units were analyzed within aroae, 
and compared with 126 individuals among three named 
taxa: a. aroae (n = 38), ssp. yabensis (n = 26), and ssp. 
balimensis (n = 62); no significant difference was observed 
between taxa. The same trend was observed in pheres; 
comparisons were made with 115 individuals between 
two named taxa, i.e., p. pheres (n 2 91), ssp. approximata 
(n = 17), and unnamed Papua New Guinea units (n = 7), 
and no significant difference was observed between the 
taxa or units. 


Black width index 


The results of the analysis are shown in Table 2. The means 
of the black width index significantly differed between 
aroae/pheres, angiensis/pheres, angiensis/subapicalis, 


and pheres/subapicalis, but not between aroae/angiensis 
and aroae/subapicalis (combined subspecies). Moreover, 
the population units were analyzed within aroae and pheres 
(see Discussion for details). 


Underside wing markings 


Based on these results, the wing markings on the underside 
of the forewing were classified into three groups. 


Group 1 (aroae, balimensis, yabensis, angiensis): extent 
of black marginal band less than 1/2 of the discal cell area 
(Figs 19-21), the band obviously not reaching the 
discocellular veins; Group 2 (pheres, approximata): extent 
of black marginal band approximately 1/2 of the discal 
cell area (Figs 22, 23), the band obviously reaching the 
discocellular veins; Group 3 (subapicalis, inopinata): 
extent of black marginal band more than 2/3 of the discal 
cell area (Figs 24-26). 
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Scent scale length 


The results of the analysis are shown in Table 2. The means 
of scent scale length significantly differed between aroae/ 
pheres, aroae/subapicalis, aroae/inopinata, angiensis/ 
pheres, angiensis/subapicalis, angiensis/inopinata, pheres/ 
subapicalis, pheres/inopinata and subapicalis/inopinata 
(combined subspecies, except angiensis and inopinata), 
but not between aroae/angiensis. 


Male genitalia 


Based on these results, male genital characteristics were 
categorized into three groups. 


Group 1 (small-sized groups: aroae, balimensis, yabensis, 
angiensis) (Figs 27, 28). Phallus (Figs 32-43): cephalic 
portion of basal prong in lateral view relatively reduced 
compared with caudal portion in all members (caudal 
portion of basal prong not rounded in angiensis, Figs 
41-43). Juxta (Figs 56-83): arrowhead shaped, somewhat 
wider in yabensis (Figs 68-79) than in other members 
(yabensis, 0.50 + 0.05; aroae, 0.44 + 0.04; angiensis, 0.34 
+ 0.03 times as long as median width). Uncus (Figs 92-111): 
outer lobes well developed, equal in length to the middle 
lobe in yabensis (Figs 102-106). Group 2 (large-sized 
group 1: pheres, approximata) (Fig. 29). Phallus (Figs 
44-49): cephalic portion of basal prong well developed, 
equal in size to the caudal portion of basal prong. Juxta 
(Figs 84-87): arrowhead shaped, gradually widened 
anteriorly. Uncus (Figs 112-121): outer lobes relatively 
smaller than the middle lobe; basal part of the middle lobe 
somewhat wide. Group 3 (large-sized group 2: subapicalis, 
inopinata) (Figs 30, 31). Phallus (Figs 50-55): cephalic 
portion of basal prong reduced; caudal portion of basal 
prong extremely well developed laterally. Juxta (Figs 
88-91): arrowhead shaped, gradually widening anteriorly. 
Uncus (Figs 122-126): basal part of the middle lobe 
extending forward (particularly in s. subapicalis). 


Discussion 


For comparing the black width index in D. aroae, mean 
values for the six local populations are given in Table 3. 
The Weyland populations from the western part of New 
Guinea have narrower black apical band than other 
populations. The Papua New Guinean populations from 
the eastern part of New Guinea have a broader black apical 
band than other populations. Therefore, the width of the 
black apical band gradually narrows in the western 
populations, whereas it gradually broadens in the eastern 
populations. Consequently, the extent of the black apical 
band differs between three regional populations, i. e., 
Weyland, Central and Papuan populations and is an aspect 
of the east-west cline (Table 4). Simple regression analysis 


revealed a correlation between black width index and 
longitude (r = 0.665, p « 0.01) in D. aroae (Fig. 127). 


Delias aroae balimensis (current status: D. balimensis) 
was described from the Baliem Valley in central West 
Papua. The taxon clearly overlaps with the typical aroae 
in following morphological characteristics: vein CuA; 
length, scent scale length and male genital characteristics, 
and reflected that the status of D. balimensis as merely a 
cline form of D. a. aroae (syn. nov.). 


Delias aroae yabensis (current status: D. yabensis) was 
described from the Weyland Mountains in western West 
Papua. The taxon clearly overlaps with the typical aroae 
in following morphological characteristics: vein CuA; 
length, scent scale length and male genital characteristics. 
However, in most specimens the male genitalia are 
somewhat different in shape (uncus and juxta). Therefore, 
its status as a subspecies of D. aroae has been revised 
(stat. rev.). 


Delias angiensis (originally D. aroae angiensis) is 
distributed in the Arfak Mountains, and is isolated from 
other members of the species complex. Talbot (1928) 
indicated in the original description that “Not very different 
from the typical British New Guinea subspecies (- typical 
aroae of Papua New Guinea), with which it agrees on the 
upperside.” Moreover in my results, the taxon is strongly 
related to the typical aroae in following morphological 
characteristics: vein CuA length, black width index, scent 
scale length and male genital characteristics. However, 
the caudal portion of the basal prong in the lateral view 
of the phallus was relatively angled (the prong was more 
rounded in aroae). This morphological difference has been 
recognized as a specific rank in this study. 


Delias pheres is widely distributed in montane New Guinea 
and is sympatric with D. aroae in many habitats. The two 
species are occasionally confused as regards subspecific 
rank, but they are distinctly different in vein CuA ; length, 
black width index and scent scale length. Moreover in 
pheres, the cephalic portion of the basal prong of the 
phallus in the male genitalia is more developed than in D. 
aroae (including ssp. yabensis). 


Delias p. approximata (current status: D. approximata) 
was described by Joicey and Talbot (1922) from the 
Weyland Mountains in West Papua. They noted “Upperside 
of fore wing with the black entering the end of the cell 
but slightly, and mostly bordered by the discocellulars. 
The white patch in 3 mostly larger than in the type form.” 
In addition, Talbot (1928) commented in his monograph 
that “This race is distinguished by the extended white in 
the cell of the fore wing below but is otherwise very like 
the typical form.” This subspecific difference would be 
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insignificant, because the extent of the black apical band 
is representative of the east-west cline. Simple regression 
analysis revealed a correlation between black width on 
the upperside of the forewing and longitude (r = 0.524, p 
« 0.01; regression line, y = 0.017x — 1.766). The taxon 
clearly overlaps with the typical pheres in following 
morphological characteristics: vein CuA, length, scent 
scale length and male genital characteristics, and reflected 
that the status of D. p. approximata as merely a cline form 
of typical pheres. In contrast, Talbot (1928) illustrated the 
differences in male genitalia (uncus) between typical pheres 
and p. approximata. In my investigations, no distinct 
differences were observed between the genitals of two 
taxa. I defer the synonymity between them. Therefore, the 
status of approximata is revived as a subspecies of D. 
pheres (stat. rev.). 


Delias subapicalis (including ssp. sibatanii) has a uniformly 
black marginal band covering approximately 2/3 of the 
discal cell area on the underside of the forewing. The vein 
CuA, length of the forewing is not significantly different 
from that in D. pheres, and the black width index is not 
significantly different from that in D. aroae. However, 
scent scale length in subapicalis is significantly greater 
than that in aroae and pheres. The male genitalia of the 
typical subapicalis and s. sibatanii taxa were separately 
analyzed; the median lobe of the uncus is well developed 
in subapicalis compared with that D. s. sibatanii. 


Delias inopinata has expansive black scales on the discal 
cell area on the underside of the forewing. This species is 
superficially similar to D. subapicalis, but differs in length 
of scent scale (subapicalis: 365 + 5.97 um (mean + SD, 
n = 40); s. sibatanii: 378 + 15.33 um (mean + SD, n = 
30); inopinata: 408 + 6.58 um (mean + SD, n = 20). 


In conclusion, the Delias aroae species complex comprises 
the following species/subspecies on the results of the 
present review: D. a. aroae, D. a. yabensis, D. angiensis, 
D. p. pheres, D. p. approximata, D. s. subapicalis, D. s. 
sibatanii, D. i. inopinata and D. i. orri. 


Key to species and subspecies of the aroae species complex 
s. Str. based on the males 
1 Forewing upperside; black width index on the vein 
Cuye N m emma u eee en tee mean eR 
— (Mainland New Guinea/Weyland Mountains) 
p. pheres/p. approximata 
- Forewing upperside; black width index on the 


Vei Coupes) 39 asnan ani aa tuna 2 
2 Forewing underside; extent of the black marginal 

band less than 1/2 of the discal cell area................. 3 
- Forewing underside; extent of the black marginal 

band more than 1/2 of the discal cell area............... 5 


3 Hindwing underside; white median band reaching 
dorsum. Phallus: caudal portion of basal prong 
rounded in lateral aspect.......................................... 4 

- Hindwing underside; white median band not 
reaching dorsum. Phallus: caudal portion of basal 
prong somewhat angled in lateral aspect 
Men CAUDAE end Nen (Arfak Mountains) angiensis 

4  Uncus: outer lobes of uncus well developed, which 
is as long as the median lobe in length 
RM AUR RES (Weyland Mountains) aroae yabensis 

— Uncus: outer lobes of uncus relatively shorter than 
that of the middle lobe in length 
Lieb o. (Mainland New Guinea, except Arfak 

and Weyland Mountains) a. aroae 

5 Forewing underside; extent of the black marginal 
band more than 2/3 of the discal cell area 
aaa asia Gu ah insat cd AR d i. inopinata 

- Forewing underside; extent of the black marginal 
band approximately 2/3 of the discal cell area ........ 6 

6 Upperside forewing; black marginal band with 3 
or 4 small white spots. Uncus: basal part of the 
middle lobe extending forward 
TO M ONE ET (Papua New Guinea) s. subapicalis 

- Upperside forewing; black marginal band without 
small white spot. Uncus: basal part of the middle 
lobe extending forward slightly 
Ses Cad ester putem (West Papua) s. sibatanii 
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Jp = 


= =—3 = 7 BE Delias aroaefatt (AWH, vua 
IRL) (CE SARA Sar OSEE) 


Elf sz & Ra — = y KES O13125 MCAT C 
J < EX 2 3E3 aroae ERS, HZ iuo C k WME 
MMe > b, S b (C BP COMABROMATAWS & 
D> & FHL EJ 823 AS HAE Ze BE C 2 2. 


FA, AGHA SUE b YU ERASVZ YO ERNOD 
FWRI or. WR GO (AFG ZoD. 
inopinata orri © BRS) BMAORM ALISO S WA, MAR 
PSA er ORE, MACA MRR, BUSH Um a2 
(black width index; KMS uti li / Cua IKE), MAER 
lit E MOSSE SUCRE ICOM CTS, EX ü L D OBE 
HD N L. 72. 


€ OER, AAB RE IX aroae, angiensis, pheres, subapicalis, 
inopinata D SEKTA & 12 t ES, € Ono dd 
fii CZ 258. D. aroae RUD. pheres D WWI MRE Ti Uta 
(ovv TILE E oBHRACRWE S TU. 


CIS OPRAH RICHEOW TC, D. balimensis € D. a. aroae 
DVYIALAELTMY Rvs, $A TT EO Weyland 
LL 2 dE PE E TAD D. yabensis X D. aroae DEEL LT, 
[5] Ë D. approximata Z D. pheres DEE UTEN CHE 
Re LZ. 


PL QO Z EAS UUEAPERE IL, D. a. aroae, D. a. yabensis, D. 
angiensis, D. p. pheres, D. p. approximata, D. s. subapicalis, D. 
s. sibatanii, D. i. inopinata, D. i. orri 9 Z Z `2 v CHEB S TL 
DILERA. 


(Received July 26, 2011. Accepted January 23, 2012) 





NII-Electronic Library Service 


